Background: Impaired social functioning has been well documented in individuals with attention-deficit/hyperactivity disorder (ADHD). Existing treatments for ADHD are effective for managing core symptoms, but have limited effectiveness at improving social skills, suggesting that social deficits in ADHD may not be directly related to core symptoms of the disorder. Language problems are also common in ADHD, with accumulating evidence of pragmatic language difficulties. Pragmatic deficits are associated with social impairment in several neurodevelopmental disorders. This study systematically examined pragmatic language functioning in children with ADHD and whether social impairment in ADHD is mediated by pragmatic deficits. Method: Sixty-three children (28 ADHD; 35 typically developing), ages 7-11 years, underwent a comprehensive assessment of pragmatic language, including parent ratings, standardized tests, and a narrative task. Parents also rated children's social skills on the Social Skills Improvement System. Results: Children with ADHD had poorer pragmatic language skills relative to peers across all measures, even after controlling for general language abilities. Furthermore, pragmatic abilities as measured by parent ratings, mediated the relation between ADHD and social skills. Conclusions: Pragmatic language skills are impaired in many children with ADHD and may partially account for high rates of social impairment. Implications for treatment and possible prevention of social problems in children with ADHD are discussed.
Introduction
Attention-Deficit/Hyperactivity Disorder (ADHD) is a complex neuropsychiatric disorder characterized by developmentally inappropriate levels of inattention and hyperactivity/impulsivity (APA, 1994) . ADHD rarely occurs in isolation, with most affected individuals experiencing associated problems, including aggression, academic failure, and/or interpersonal difficulties (Barkley, 1997) . Despite extensive research on the disorder, the mechanisms by which individuals with ADHD develop social difficulties remain unclear.
Social problems have been reported in 52%-82% of children with ADHD and are increasingly seen as an important associated feature of the disorder (Barkley, DuPaul, & McMurray, 1990; Landau, Milich, & Diener, 1998) . Impairment in social functioning has been reported by parents, teachers and peers, and documented as early as the preschool years (DuPaul, McGoey, Eckert, & VanBrakle, 2001) . Children with ADHD are rated lower on social preference, have fewer reciprocated friendships , and are more often disliked by their peers, as soon as the first day or even within 20 min of the social interaction (Bickett & Milich, 1990; Erhardt & Hinshaw, 1994) . Peer rejection in turn has been associated with negative long-term outcomes including substance abuse, school dropout, delinquency, academic problems, and higher rates of psychopathology (Greene, Biederman, Faraone, Sienna, & Garcia-Jetton, 1997; Klein & Mannuzza, 1991) . Furthermore, rejection limits a child's opportunity to practice social skills and as such exacerbates social problems (Hoza, 2007) . Importantly, social difficulties are not limited to childhood and account for frequent job loss and increased divorce rates in adults with ADHD (Friedman et al., 2003) .
Social problems in ADHD have primarily been attributed to impulsivity (e.g. interrupting, difficulty waiting turn) and inattention (e.g. not listening) (Barkley, 1997; Landau et al., 1998) , as well as to specific comorbid problems (e.g. oppositional behavior or anxiety) (Hodgens, Cole, & Boldizar, 2000; Mikami, Ransone, & Calhoun, 2011) . In addition, social impairment has been related to lack of social knowledge (Grenell, Glass, & Katz, 1987) , neuropsychological (Barkley, 1997; Huang-Pollock, Mikami, Pfiffner, & McBurnett, 2009) , and social information processing deficits (Crick & Dodge, 1994) .
Findings in support for these explanations have been inconsistent. Thus, existing treatments for ADHD, although helpful in treating core symptoms, have limited effectiveness at improving social skills , suggesting that social deficits are not fully explained by the disorder. While some studies show effectiveness of social skills training programs in children with ADHD, generalization beyond the treatment setting is lim-ited (Beelman, Pfingsten & L€ osel, 1994; de Boo & Prins, 2007; Pfiffner & McBurnett, 1997) , suggesting that lack of social knowledge does not fully account for the social impairment.
Language problems are also common, reportedly occurring in nearly half of children with ADHD (Cohen et al., 2000; Tirosh & Cohen, 1998) . Children with ADHD have a later onset of talking (Hartsough & Lambert, 1985) and are less mature in their self-speech (Berk & Potts, 1991) . Reports on the nature of language deficits in ADHD have been inconsistent, with several studies suggesting that language difficulties in ADHD may be primarily characterized by impairment in pragmatics (Baird, Stevenson, & Williams, 2000; Camarata & Gibson, 1999; Kim & Kaiser, 2000) . Pragmatics is defined as the social use of language (Prutting & Kirchner, 1987) . It is the domain of language that manages how other aspects of language (phonology, semantic, morphology, and syntax) are used in conversational contexts (Russell, 2007) . Pragmatics is a heterogeneous construct that includes both verbal (language) and nonverbal (gestures) skills. It can be divided into separate domains including discourse management (skills to initiate, maintain, and end a conversation), presupposition (assumptions about the conversational partner and the specific social context, theory of mind), and narrative discourse (ability to generate a successful narrative) (Adams, 2002; Landa, 2005) . Although general language ability is typically correlated with pragmatic skills (Astington & Jenkins, 1999) , pragmatic deficits can occur independent of general language problems. Impairment in pragmatic language has been shown to contribute to problems in school functioning/performance, peer relationships and overall psychiatric adjustment, and is associated with many psychiatric disorders (Landa, 2005) .
Given that communication requires the ability to initiate, respond, and maintain attention, it is not surprising that several symptoms of ADHD are associated with pragmatic deficits (Bruce, Thernlund, & Nettelbladt, 2006) . Camarata and Gibson (1999) reviewed ADHD symptoms in relation to pragmatic skills and showed that both inattention and hyperactivity/impulsivity can interfere with verbal and nonverbal aspects of communication, including staying on topic and maintaining proper physical proximity. Pragmatic deficits in children with ADHD have been reported by parents and teachers (Bignell & Cain, 2007; Bishop & Baird, 2001; Humphries, Koltun, Malone, & Roberts, 1994) . Bishop and Baird (2001) found that not only were children with ADHD rated as having more pragmatic deficits and social difficulties compared with typically developing children, but ratings of their pragmatic skills were only marginally different from children with autism spectrum disorder (ASD). Similar to ASD, children with ADHD were rated as having relatively more difficulties with pragmatics than with structural language (Geurts & Embrechts, 2008; Geurts et al., 2004) .
While pragmatic deficits have been linked to social impairment in other clinical populations, to date only one study examined a similar association in ADHD. Leonard, Milich, and Lorch (2011) assessed pragmatic language in a community sample of children with varying levels of hyperactivity and inattention and examined whether pragmatic deficits mediate the relation between hyperactivity/inattention and social skills. They found that pragmatic language fully mediated the relation between hyperactivity and social skills, and partially mediated the relation between inattention and social skills. While an important start, these findings were limited by the use of only parent ratings to assess both pragmatic language and social skills.
This study extends the question to a sample of children who meet the diagnostic criteria for ADHD. The aim was to systematically evaluate pragmatic language abilities using an array of measures to fully characterize the nature of pragmatic deficits and to examine the degree to which pragmatic deficits affect social skills in children with ADHD. Specifically, we hypothesized that (a) as compared with their typically developing peers, children with ADHD will show pragmatic deficits that will be evident over and above receptive and expressive language problems; and (b) pragmatic deficits will account for a significant portion of the variance in social impairment in children with ADHD, such that the relation between ADHD and social impairment will be reduced when controlled for pragmatic deficits (partial mediator effect).
Method

Participants
Participants were recruited from an ongoing longitudinal study of children with ADHD. The original sample included preschoolers with elevated (at-risk group) and low (typically developing group) parentand teacher-rated symptoms of ADHD. Exclusion criteria were: ASD, neurological disorder, severe receptive and/or expressive language delays based on developmental history and a WISC-IV VCI less than 80 at age 6, a chronic illness requiring systemic medication other than psychostimulants for ADHD (two participants taking stimulants withheld medication the day of evaluation), or a Full Scale IQ less than 80. Children had to be proficient in English and attending school. Parents of children eligible for the study were contacted via letters inviting them to participate in a study of pragmatic language and ADHD. Families that expressed interest were invited to come to the laboratory for an evaluation. The study procedures were explained to participants and written parental consent was obtained. All research procedures were approved by the university's Institutional Review Board.
The sample consisted of 63 children ages 7-11 years [mean (SD) = 8.88 (1.49)]. Children in the ADHD group (N = 28) met DSM-IV-TR criteria for ADHD at the time of their last annual evaluation from the longitudinal study [mean (SD) time interval = 21 (17) weeks], based on parent and teacher ratings and a semistructured interview with the parent(s); 8 children met criteria for Predominantly Inattentive type, 1 for Predominantly HyperactiveImpulsive type, and 19 for Combined type. Children in the typically developing group (TD, N = 35) never met the criteria for ADHD. Among the sample, 38 children were Caucasian, 7 were African American, 8 were Asian, and 10 were of mixed descent; 18 children were Hispanic. Mean socioeconomic status was 63.56 as measured by the Nakao and Treas (1994) scale, representing, on average, a middle class sample. Demographic characteristics are presented in Table 1 .
Procedure
Children and their parents visited the laboratory for a 2-hr evaluation during which children were administered several measures to assess pragmatic, expressive, and receptive language functioning. Parents completed rating scales of children's pragmatic and social skills. Following the evaluation, the examiner completed the Child Autism Rating Scale (Schopler, Reichler, & Renner, 1988 ). All measures are described below:
Diagnostic measures. Attention-deficit/hyperactivity disorder rating scale, fourth edition (ADHD-RS-IV; DuPaul, Power, Anastopoulos, & Reid, 1998): The ADHD-RS-IV, which was completed by parents and teachers, consists of the 18 DSM-IV ADHD symptoms. Data from these scales were integrated with parent reports on the semistructured interview to formulate diagnoses.
Child autism rating scale (CARS; Schopler et al., 1988) : The CARS was completed by the evaluator following the testing session to rule out ASD. A cutoff of 10 out of 15 was considered exclusionary; no participant received a score higher than five.
Kiddie-schedule for affective disorders and schizophrenia, present and lifetime version (K-SADS-PL; Kaufman et al., 1997) : The KSADS-PL is a reliable, commonly used, semistructured child psychiatric interview that was administered to parents. Along with information provided during the interview, parent and teacher ratings on the ADHD-RS, as well as behavioral observations of the child during testing were used to arrive at a diagnosis. Diagnostic data from the most recent interview for the longitudinal study were used. For one child in the ADHD group who did not complete his concurrent annual evaluation, the diagnosis was derived based on the parent-rated ADHD-RS completed at the time of this study and history from multiple previous evaluations as part of the longitudinal project.
Pragmatic language. The assessment of pragmatic language poses several challenges. First, pragmatics is a heterogeneous construct that includes an array of verbal and nonverbal skills, making it difficult to assess with a single measure (Landa, 2005; Russell, 2007) . Furthermore, because by definition pragmatics is tied to social context, assessment of pragmatic skills via standardized testing may not reflect one's true abilities to use language in a natural setting. As such, a combination of formal tests, parent questionnaires, and discourse analysis was used.
Children's communicative checklist, second edition (CCC-2; Bishop, 2003) : The CCC-2 is a 70-item questionnaire designed to assess children's skills in various areas of language, including pragmatics. The CCC-2 provides standard scores for 10 scales, four of which (Coherence, Initiation, Scripted Language, and Context) focus on verbal and nonverbal pragmatic skills. Similar to Leonard et al. (2011) and Bignell and Cain (2007) , we calculated the pragmatic language composite by using the sum of pragmatic language subscales. (Briggs, 1978) and asked to produce a narrative describing the story depicted in the book and to tell as exciting a story as they can. The Snowman was chosen based on its child-friendly content with high pragmatic load (e.g. interactions between the child and the snowman, the child feeling sorry for the snowman). Children were instructed to look through all of the pages before telling the story and were allowed to look at the pictures while telling the story. Children's narratives were recorded and transcribed verbatim. Transcriptions were coded using the NAP blind to the child's group status. NAP is a discourse analysis approach that assesses several domains of oral discourse, including (a) topic maintenance, (b) event sequencing, (c) informativeness, (d) referencing, (e) conjunctive cohesion, and (f) fluency (for detailed description of each dimension see Bliss et al., 1998) . The narratives were coded on the six dimensions using a quantitative scoring metric adapted for this study. Topic maintenance, event sequencing, informativeness, and conjunctive cohesion were rated on a 3-point scale. Referencing was rated on a 4-point scale.
To assess fluency, each instance of dysfluency, such as word repetition or false start, was counted and added to calculate the total fluency score. To assess interrater reliability, nine randomly selected narratives (15% of total) were also coded by an author of NAP (AM). Correlation coefficients for the six dimensions ranged from 0.5 to 1; the reliability for the total score was 0.98 (p < .001). Cases where discrepancy was found were discussed to reach consensus.
Deriving pragmatic language constructs. The pragmatic language battery was used to generate separate measures of Discourse Management, Presupposition, and Narrative Discourse. The pragmatic language composite from the CCC-2 was used to assess Discourse Management. A principal component analysis of the subtests from the CASL and the TOPL-2 was used to create a test-based composite measure of pragmatic language. The analysis generated a unitary factor which accounted for 70% of the variance with good internal consistency (alpha = 0.84). Individual factor scores were saved and used to measure Presupposition. To measure Narrative Discourse, the six story dimensions from the NAP were examined for face and convergent validity. Based on the descriptions of each dimension, topic maintenance, event sequencing, and referencing were selected to comprise the Narrative Discourse composite. This composite score was significantly correlated with parent ratings of pragmatic language (Discourse Management; r = .291, p = .025) and testbased factor score (Presupposition; r = .465, p < .001), while the three dimensions that were not included in the composite (informativeness, fluency, and conjunctive cohesion) were not correlated with the other two measures of pragmatic language, indicating good convergent and divergent validity of the composite. These three measures of pragmatic language were used in subsequent analyses.
General language. Clinical evaluation of language fundamentals, fourth edition (CELF-4; Semel, Wiig & Secord, 2003) : CELF-4 is a widely used measure of language skills. The Concepts and Following Directions, and Formulated Sentences subtests were administered to assess receptive and expressive language abilities, respectively. For the former, children had to point to visually presented stimuli in the same order as instructed by the examiner. For the latter, children were presented with pictures and asked to produce a sentence with a target word based on the picture. Age-based scaled scores were generated for both subtests. The sum of the two was used in the analyses as a composite measure of general language.
Social skills. Social skills improvement system (SSIS; Gresham & Elliott, 2008) : The SSIS is a rating scale that measures social behavior of children (e.g. cooperation, empathy, self-control), as well as problematic behaviors and academic competence. The social skills composite was used in the analyses. Participants' social skills ratings and performance on language measures are depicted in Table 2a .
Data analyses. The hypothesis that children with ADHD will show pragmatic language deficits was tested using multivariate analysis of covariance (MANCOVA) comparing the ADHD and TD groups on the three pragmatic language constructs. Receptive/expressive language abilities were used as a covariate.
The hypothesis that social skills deficits in children with ADHD are largely accounted for by pragmatic language deficits (partial mediation model) was tested in two steps. First, bivariate correlations were calculated among independent (ADHD status), dependent (social skills), and potential mediator (pragmatic language) variables to satisfy the requirement of mediation (Baron & Kenny, 1986) . Next, following procedures established by MacKinnon, Krull, and Lockwood (2000) , a series of multiple linear regressions were computed to calculate the effects of the independent variable on the dependent variable with the proposed mediators in the model. More specifically, social skills were regressed on pragmatic skills; next, social skills were regressed on ADHD (group), and finally social skills were regressed on both pragmatic skills and ADHD status. A reduction in the effect after including both factors in the model would suggest the mediating effect of pragmatic skills. Separate analyses were conducted with three pragmatic language constructs. Receptive but not expressive language abilities were correlated with social skills and as such were used as a covariate (Table 3b) .
Results
The MANCOVA indicated significant group differences on measures of pragmatic language (F = 44.120, p < .001, Wilk's k = .286, g p 2 = .714). As indicated in Table 2b , follow-up univariate ANCOVAs indicated that after controlling for general language scores, children with ADHD had significantly poorer pragmatic language skills as measured by Discourse Management (F = 36.509, p < .001, g p 2 = .570), Presupposition (F = 16.643, p < .001, g p 2 = .377), and Narrative Discourse (F = 7.062, p = .002, g p 2 = .204). As shown in Table 3a , there were significant correlations among all study variables with the exception of that between Narrative Discourse and social skills. However, after controlling for general language abilities (Table 3b) , only Discourse Management was significantly correlated with both ADHD and social skills. As it is critical to control for general language to specifically assess the impact of pragmatic language, mediation analysis could only be conducted using the Discourse Management measure of pragmatics.
After controlling for receptive language difficulties, ADHD was a significant predictor of social skills contributing to 40% of the variance in social skills (B = À22.835, b = À.626, p < .001). However, when Discourse Management was added into the model, there was a significant reduction in B (Sobel SE = À5.22, p < .001) and the association between ADHD and social skills was no longer significant (B = À8.814, b = À.241, p = .097), indicating that Discourse Management fully mediated the relation between ADHD and social skills (see Figure 1) .
Discussion
This is the first study to demonstrate that children with ADHD have a wide array of pragmatic language problems, which are evident over and above general language functioning, irrespective of measurement approach. More specifically, relative to their typically developing peers, children with ADHD have difficulties with discourse management, presupposition, and narrative discourse. Although certain discourse management skills overlap with ADHD symptoms (e.g. turn-taking, interrupting), skills related to presupposition and narrative discourse cannot be directly accounted for by ADHD symptoms. These findings are consistent with literature suggesting that pragmatic deficits can occur independent of general language difficulties (Bishop, 2000) and provide evidence of this dissociation in ADHD.
Furthermore, we found that pragmatic language skills, as measured by parent ratings of discourse management, fully mediated the relation between ADHD and social skills, whereby after including discourse management in the model, ADHD was no longer a significant predictor of social impairment. Pragmatic language as measured by presupposition and narrative discourse did not mediate this relation. Thus, our findings revealed different relations between pragmatics and social skills depending on the measure of pragmatic language used. Several possible explanations can be offered for such discrepancy. First, the three pragmatic language areas refer to distinct abilities, which may have development-specific implications for social functioning. For example, interrupting others in conversation may have a more direct adverse effect on popularity among childhood peers than difficulty understanding irony and sarcasm, which may have a greater impact on social functioning later in life. Another possible explanation for the discrepancy across areas of pragmatic language is that pragmatics is a complex and heterogeneous construct that is difficult to measure (Adams, 2002) . As discussed above, pragmatic language includes a wide range of verbal and nonverbal abilities, all of which are important in social interactions. As pragmatic language by definition refers to the social use of language, it is particularly difficult to measure through laboratory testing, and the ecological validity of pragmatic language tests may be limited; as such, rating scales may be a better approach to measure pragmatic language skills in a natural setting. In addition, discourse management skills may be easier to Figure 2 The relation between discourse management and social skills observe and rate compared with other aspects of pragmatic language. The issue of test ecological validity has been widely discussed in the field of neuropsychological testing where similar discrepancy has been described between performancebased and rating scale measures of executive functions (Sbordone, 1996; Sbordone & Guilmette, 1999) . Notably, ratings of discourse management and social skills were completed by parents, possibly creating a method bias. However, close examination of items on both scales indicated that only four items on both scales were similar; thus, although the scales were completed by the same rater, the correlation is unlikely to be due to item overlap.
This study differed from previous attempts to evaluate pragmatic language in ADHD in several important ways. First, it used a comprehensive battery to assess pragmatic language skills, which included parent ratings, standardized tests, and a narrative task, while previous studies primarily employed ratings only (Geurts et al., 2004; Leonard et al., 2011) . Second, although previous studies examined children with elevated levels of parent-rated inattention and hyperactivity (Bignell & Cain, 2007; Leonard et al., 2011) , our sample was carefully diagnosed with ADHD based on a comprehensive evaluation. Finally, our sample was ethnically diverse, which increases external validity of the study.
Although our data regarding the diversity of pragmatic language deficits in children with ADHD are compelling, the mediating role of discourse management in the relation between ADHD and social skills requires further confirmation due to the potential for method bias discussed above. It will be critical for future studies to collect ratings from a separate informant. Alternatively, observation of children engaging in a social interaction with peers could provide another source of information for both pragmatic and social skills. In addition, children with severe language problems were excluded from this study. In light of the high comorbidity among ADHD, language disorders, and social problems, it would be important to evaluate pragmatic language skills of children with ADHD and comorbid language difficulties to assess specific impairment patterns.
In summary, we found that children with ADHD have less developed skills compared with their typically developing peers across multiple aspects of pragmatic language, which was evident after controlling for general language abilities. Furthermore, our results indicated that pragmatic language deficits as measured by parent ratings of discourse management mediated the social impairment seen in ADHD. These findings have important clinical implications and suggest that for many children with ADHD, it might be advantageous for social skills interventions to address pragmatic deficits in addition to social skills. Importantly, given the wide range of pragmatic skills and possible deficit profiles, as well as distinct implications of specific skills on social functioning, such interventions would be most useful when tailored to the child. This could potentially provide a new framework for developing treatment approaches, which is important in light of limited effectiveness of existing treatments.
